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MICROPARTICLE COMPOSITION
ANALYZING APPARATUS

The contents of the following Japanese patent application
are 1ncorporated herein by reference:

NO. 2015-177729 filed on Sep. 9, 2015.

BACKGROUND

1. Technical Field

The present 1invention relates to a microparticle compo-
sition analyzing apparatus.

2. Related Art

Concern has been mounting about the health effects of
particulate substances 1n the atmosphere (aerosol), and appa-
ratuses are being developed that analyze the composition,
concentration, and the like of these particulates.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: U.S. Pat. No. 6,040,574

Patent Document 2: International Publication 2011/
114587

Despite the desire to measure the composition and con-
centration of the microparticles included 1n a gaseous body
sample serving as the measurement target, there 1s a problem
that measurement cannot be performed accurately due to the
ellect of substances other than the gaseous body sample
adsorbing to a trapping body of the analyzing apparatus that
traps the microparticles, for example. In particular, when the
apparatus begins operating, the amount of 1impact this sub-
stance has changes according to each measurement timing
due to changes in the measurement conditions, changes 1n
the measurement environment, and the like.

SUMMARY

According to a first aspect of the present invention,
provided 1s a microparticle composition analyzing apparatus
that analyzes composition of microparticles contained 1n a
gaseous body sample, comprising a gas analyzer and a
control section that sequentially introduces into the gas
analyzer a comparative gas and a sample gas caused by the
microparticles generated by irradiating the gaseous body
sample with a laser.

The microparticle composition analyzing apparatus may
comprise a calculating section that calculates a difference
amount between a specified component contained in a
sample gas and the specified component contained 1n a
comparative gas, as analyzed by the gas analyzer.

The comparative gas may be a gas generated by irradi-
ating, with the laser, processed air that has undergone a
cleaning process. At this time, the microparticle composition
analyzing apparatus may further comprise an air generating
section that generates the processed air that has undergone
the cleaning process by filtering the gaseous body sample.

The control section may sequentially switch between the
gaseous body sample and the processed air and supplies the
corresponding gaseous body sample or processed air to a
position wrradiated by the laser. At this time, the control
section may sequentially introduce into the gas analyzer the
sample gas generated by pulse-irradiating the gaseous body
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sample with the laser and the comparative gas generated by
pulse-1rradiating the processed air with the laser. Instead, the

control section may repeatedly introduce into the gas ana-
lyzer, 1n an alternating manner, the sample gas generated by
continuously 1rradiating the gaseous body sample with the
laser and the comparative gas generated by continuously
irradiating the processed air with the laser.

If the sample gas and the comparative gas are repeatedly
introduced 1nto the gas analyzer 1n an alternating manner, the
control section may introduce the sample gas and the
comparative gas into the gas analyzer in an alternating
manner with a predetermined period. Instead, the control
section may introduce the sample gas and the comparative
gas nto the gas analyzer 1in an alternating manner with a
timing adjusted based on output results of the gas analyzer.
At this time, the control section may suspend radiation of the
laser during a time period corresponding to a switch between
the gaseous body sample and the processed air.

Instead of being a gas based on the processed air, the
comparative gas may be a gas that 1s present near an
irradiation position of the laser during a time period 1n which
the gaseous body sample 1s not 1rradiated with the laser.

The control section may repeatedly introduce into the gas
analyzer, 1n an alternating manner, the sample gas generated
by 1rradiating the gaseous body sample with the laser and the
comparative gas generated that 1s present near the 1rradiation
position of the laser when the laser 1s not being radiated. At
this time, the control section may introduce the sample gas
and the comparative gas into the gas analyzer 1n an alter-
nating manner with a predetermined period. Instead, the
control section may introduce the sample gas and the
comparative gas into the gas analyzer in an alternating
manner with a timing adjusted based on output results of the
gas analyzer.

The control section may determine whether to use gas
generated by 1rradiating, with the laser, processed air
obtained by performing a cleaning process on the compara-
tive gas or gas that 1s present near an 1rradiation position of
the laser during a time period in which the microparticles are
not 1rradiated by the laser.

According to a second aspect of the present invention, the
microparticle composition analyzing apparatus may com-
prise, 1n addition to all of the components of the micropar-
ticle composition analyzing apparatus of the first aspect, an
acquiring section that acquires at least the gaseous body
sample; a trapping section for trapping the microparticles
released from the acquiring section; and a laser apparatus
that radiates the laser toward the trapping section.

The summary clause does not necessarily describe all
necessary features of the embodiments of the present inven-
tion. The present invention may also be a sub-combination
of the features described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view for describing the structure of
a microparticle composition analyzing apparatus according
to a first embodiment.

FIG. 2 1s a schematic view for describing the aerodynamic
lens.

FIG. 3 1s a drawing for describing the switching of the
introduced gas.

FIG. 4 shows an exemplary change of output from the gas
analyzer corresponding to the mtroduced gas profile shown
in FIG. 3.

FIG. 5 1s a flow chart describing an exemplary operation
of the microparticle composition analyzing apparatus.
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FIG. 6 1s a schematic view for describing the structure of
a microparticle composition analyzing apparatus according

to a second embodiment.

FI1G. 7 1s a drawing for describing the radiation timing of
the laser.

FIG. 8 shows an exemplary change 1n output from the gas
analyzer corresponding to the radiation profile shown 1in
FIG. 7.

FIG. 9 1s a flow chart describing an exemplary operation
of the microparticle composition analyzing apparatus.

FIG. 10 1s a drawing for describing the calculation process
of the calculating section 1n the third embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, some embodiments of the present invention
will be described. The embodiments do not limit the mnven-
tion according to the claims, and all the combinations of the
teatures described in the embodiments are not necessarily
essential to means provided by aspects of the mvention.

FIG. 1 1s a schematic view for describing the structure of
a microparticle composition analyzing apparatus 100
according to a first embodiment. The microparticle compo-
sition analyzing apparatus 100 1s an apparatus for analyzing
the composition and concentration of microparticles
included 1n a gaseous body sample (aerosol).

The microparticle composition analyzing apparatus 100
includes an aerodynamic lens 10, a skimmer 12, a trapping
body 14, a laser apparatus 16, an analysis cell 18, a gas
analyzer 20, and a processed air supplying section 22.
Furthermore, the microparticle composition analyzing appa-
ratus 100 includes a control section 24.

The microparticle composition analyzing apparatus 100
includes a reduced pressure chamber 26. The reduced pres-
sure chamber 26 includes a first reduced pressure chamber
26a, a second reduced pressure chamber 265, and a third
reduced pressure chamber 26¢. The first reduced pressure
chamber 26a forms a first reduced pressure space therein.
The second reduced pressure chamber 265 forms a second
reduced pressure space therein. The third reduced pressure
chamber 26¢ forms a third reduced pressure space therein.
The first reduced pressure chamber 26a and the second
reduced pressure chamber 265 are partitioned from each
other by a first dividing wall 28. The second reduced
pressure chamber 265 and the third reduced pressure cham-
ber 26¢ are partitioned from each other by a second dividing,
wall 29. Accordingly, the overall reduced pressure chamber
26 1s separated into three compartments.

The first reduced pressure chamber 26a includes a first
exhaust apparatus 27a. The second reduced pressure cham-
ber 266 includes a second exhaust apparatus 27b. The third
reduced pressure chamber 26c¢ includes a third exhaust
apparatus 27c¢. The first exhaust apparatus 27a, the second
exhaust apparatus 27b, and the third exhaust apparatus 27¢
reduce the pressures in the first reduced pressure space, the
second reduced pressure space, and the third reduced pres-
sure space to have predetermined internal pressures that are
different from each other. The predetermined internal pres-
sures 1n the first reduced pressure space, the second reduced
pressure space, and the third reduced pressure space may
respectively be 107> Torr 10~ Torr, and 10" Torr, for
example.

The aerodynamic lens 10 i1s arranged in a manner to be
inserted through the first reduced pressure space from one
side surface of the first reduced pressure chamber 26a.
Specifically, the aerodynamic lens 10 1s arranged such that
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an inlet side 1nto which the gaseous body sample or the like
1s 1ntroduced 1s positioned outside of the first reduced
pressure chamber 264 and an emission opening 10c¢ side for
emitting a particle stream 10a 1s arranged inside of the first
reduced pressure chamber 26a. The aecrodynamic lens 10 1s
connected to an inlet pipe 30 that selectively guides the
sample air, which 1s the gaseous body sample, and processed
air, which 1s described further below. The aerodynamic lens
10 gathers the microparticles contained 1n the gas introduced
from the inlet pipe 30, and emits these microparticles as the
particle stream 10a. In the microparticle composition ana-
lyzing apparatus 100, the aerodynamic lens 10 serves as an
acquiring section that acquires the sample air. The details of
the aerodynamic lens 10 are described below using the
drawings.

The skimmer 12 1s provided to the first dividing wall 28
that partitions the first reduced pressure chamber 26a and the
second reduced pressure chamber 265 from each other. The
skimmer 12 1s a structure shaped as a cone in which a
through-hole 12a 1s formed 1n the vertex, and 1s arranged
such that the through-hole 12a faces the emission opening
10c of the aecrodynamic lens 10. As described above, since
the internal pressure of the second reduced pressure space 1s
set to be lower than the internal pressure of the first reduced
pressure space, gas flow occurs from the first reduced
pressure space to the second reduced pressure space via the
through-hole 12a. When the particle stream 10a emitted
from the aerodynamic lens 10 passes through the through-
hole 12a, the skimmer 12 removes a portion of surplus gas
contained in the particle stream 10a.

A Tront end of the analysis cell 18 1s arranged within the
second reduced pressure chamber 265, and a back end of the
analysis cell 18 1s provided 1n a manner to be inserted
through the second dividing wall 29 partitioning the second
reduced pressure chamber 265 and the third reduced pres-
sure chamber 26c¢ from each other. The front end of the
analysis cell 18 1s provided with a skimmer portion 18a. The
skimmer portion 18a 1s shaped as a cone with a through-hole
185 provided at the vertex, in the same manner as the
skimmer 12. The through-hole 185 1s arranged on a straight
line joining the emission opening 10c¢ of the aerodynamic
lens 10 to the through-hole 12a of the skimmer 12. The
skimmer portion 18a further removes surplus gas contained
in the particle stream 10a.

The back end of the analysis cell 18 also forms a tapered
shape, and this end has a microhole 18c¢. In this way, by
forming both ends of the analysis cell 18 as tapered shapes,
the microparticle composition analyzing apparatus 100 can
maintain the pressure diflerence between the second reduced
pressure space of the second reduced pressure chamber 2656
and the third reduced pressure space of the third reduced
pressure chamber 26¢. Accordingly, a gas flow 1s created
within the analysis cell 18 from the second reduced pressure
chamber 2656 toward the third reduced pressure chamber
26¢. Furthermore, the trapping body 14 1s arranged near the
central portion of the analysis cell 18, such that the analysis
cell 18 has an overall crank shape causing the gas generated

by the trapping body 14 to be gathered and moved toward
the microhole 18c.

The trapping body 14 i1s provided behind the skimmer
portion 18a within the analysis cell 18. The trapping body 14
1s arranged such that the surface for trapping the micropar-
ticles 1s oblique to the flow direction of the particle stream
10a. The trapping body 14 functions as a trapping section for
trapping the microparticles emitted from the aerodynamic
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lens 10. The trapping body 14 has a mesh structure, and traps
the microparticles contained in the particle stream 10a
incident thereto.

Each microparticle contained 1n the particle stream 10a
incident to the trapping body 14 collides with the mesh
structure with a unique probability. A microparticle that has
collided with the mesh structure then repeatedly collides
with the mesh structure many times and slows down with
cach collision. This microparticle gradually loses speed until
finally being trapped by the trapping body 14.

The laser apparatus 16 1s arranged outside of the reduced
pressure chamber 26. The laser apparatus 16 oscillates a
laser 16a. An optical window 32 1s provided on a side wall
ol the second reduced pressure chamber 265 1n contact with
the outside atmosphere. Furthermore, an optical window 33
1s provided on a side wall of the analysis cell 18. The laser
apparatus 16 radiates the laser 16a to the trapping body 14
through the optical window 32 and the optical window 33,
and heats the radiated portions. In this embodiment, a carbon
dioxide gas (CO,) laser 1s used as an example of the laser
16a.

The laser apparatus 16 vaporizes, sublimates, or causes a
reaction with the microparticles trapped by the trapping
body 14 using the laser 16a, thereby generating gas that 1s
a desorbed component. Here, the term “desorbed compo-
nent” refers to a component that 1s desorbed from the state
ol being trapped by the trapping body 14 and enters a mobile
state. In the following description, the gas that 1s a desorbed
component when the sample air 1s introduced may be
referred to as the “sample gas.” Specifically, the sample gas
component 1s CO,, H,O, NO,, SO,, and the like generated
by the oxidization of the structural components of the
microparticles.

The gas analyzer 20 1s arranged within the third reduced
pressure chamber 26c. The gas analyzer 20 1s an analyzer
that analyzes the components of gas introduced thereto using,
mass spectrometry. Mass spectrometry has a relatively low
mimmum detection threshold, and therefore can be suitably
used for sample air having a relatively low microparticle
concentration. An analyzer that uses mass spectrometry to
analyze the gas components 1s used 1n the present embodi-
ment, but an analyzer that analyzes the gas component using
another analysis method can be adopted according to the
concentration, type, and the like of the microparticles 1n the
gaseous body sample serving as the analysis target. For
example, when there 1s a high concentration of micropar-
ticles that are analysis targets, an analyzer that utilizes
spectral analysis may be adopted.

The gas analyzer 20 includes an 1onization region 20a.
The gas analyzer 20 1s arranged such that the 1onization
region 20a 1s opposite the microhole 18¢ 1n the tapered
shape formed on the back end of the analysis cell 18. The
ionization region 20q 1onizes the gas introduced from the
analysis cell 18, and supplies this 1onized gas to the gas
analyzer 20. The gas analyzer 20 periodically outputs to a
calculating section 25, which 1s described further below, an
intensity signal corresponding to the content of each com-
ponent 1n the introduced gas.

The inlet pipe 30 branches midway through nto a first
path 30q and a second path 305, and the first path 30a 1s
directly connected to the inlet 105 of the aerodynamic lens
10. The second path 3056 1s connected to the processed air
supplying section 22. The processed air supplying section 22
sucks 1n the sample air from the second path 306. The
processed air supplying section 22 includes a filter formed
by a HEPA filter, an electrical dust collector, and the like,
and performs a cleaning process to remove microparticles
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from the sample gas. In the following description, the
sample air that has undergone the cleaning process using the
processed air supplying section 22 may be referred to as
“processed air.” The processed air supplying section 22
expels the processed air to the third path 30¢ of the inlet pipe
30. In this series of processes, the processed air supplying
section 22 functions as an air generating section that gen-
erates processed air. The third path 30c¢ 1s connected to the
first path 30q near the inlet 106 of the aerodynamic lens 10.

In the branching inlet pipe 30, the first path 30a 1s
connected 1n a straight line to the ilet 106 of the aerody-
namic lens 10. In other words, the acquired sample air
reaches the inlet 106 of the aecrodynamic lens 10 without
having its flow impeded. On the other hand the second path
3056 branches 1n a direction forming an acute angle relative
to the downstream portion of the first path 30a. However,
when performing the cleaning process, the processed air
supplying section 22 sucks in the sample air from the second
path 305, and therefore 1t 1s possible to acquire the necessary
amount of the sample arr.

The control section 24 performs overall control of the
operation and processing of each configurational component
of the microparticle composition analyzing apparatus 100.
Furthermore, the control section 24 includes a calculating
section 25 that calculates the output of the gas analyzer 20.
Specifically, the calculating section 25 uses the intensity
signal corresponding to the content of a specified component
acquired from the gas analyzer 20 by the control section 24
to perform various calculations. As one example of this, the
calculating section 235 calculates the diflerence amount
between the specified component included 1n the sample gas
and 1n a comparative gas, as analyzed by the gas analyzer 20.
In the present embodiment, a “comparative gas” 1s a gas
generated by radiating laser into the processed air that has
been cleaned by the processed air supplying section 22.

The control section 24 performs control such that the
comparative gas and the sample gas caused by the micropar-
ticles contained 1n the sample air generated by irradiating the
sample air with laser are introduced sequentially into the gas
analyzer. Specifically, by controlling the processed air sup-
plying section 22, the control section 24 sequentially
switches between the sample air and the processed air as the
air being supplied to the trapping body 14, which 1s at the
position 1rradiated by the laser 16a. Then, by 1rradiating the
trapping body 14 with the laser 16a, the sample gas 1s
generated when the sample air 1s supplied and the compara-
tive gas 1s generated when the processed air 1s supplied, and
these gases are repeatedly introduced to the gas analyzer 20
in an alternating manner. At this time, the control section 24
causes the laser apparatus 16 to continuously radiate the
laser 16a.

The following describes the method by which the control
section 24 switches between the sample air and the pro-
cessed air. By sucking 1n the sample air from the second path
305, the processed air supplying section 22 can expel the
processed air to the third path 30c with a greater flow rate
than the critical flow rate determined by the diameter of the
inlet 106 of the aerodynamic lens 10. The critical flow rate
1s approximately 100 CCM when the diameter of the inlet
105 1s 0.1 mm. When controlling the processed air supplying
section 22 to expel the processed air with a flow rate greater
than or equal to this critical flow rate, the control section 24
can supply the aerodynamic lens 10 with only the processed
air, without allowing the sample air that has not undergone
the cleaning process to reach the inlet 105.

The method for switching between the sample air and the
processed air 1s not limited to a method of increasing and
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decreasing the tflow rate of the processed air. For example,
a three-way valve may be arranged at the point of intersec-
tion between the tlow path of the sample air and the flow
path of the processed air, and the control section 24 may be
configured to perform switching control. The three-way
valve used 1n this manner preferably has a structure that does
not cause microparticles within the sample air to adsorb to
the 1inside of the valve. A solenoid valve, ball valve, or the
like can be adopted as the three-way valve.

When gas generated from an amount of microparticles
that 1s greater than a minimum amount 1s 1ntroduced, the gas
analyzer 20 can perform an analysis of these microparticles.
The number of microparticles trapped by the trapping body
14 per unit time 1s proportional to the number of micropar-
ticles flowing to the trapping body 14 per unit time. Accord-
ingly, the number of microparticles trapped by the trapping
body 14 over a constant time changes according to the flow
speed of the particle stream 10a and the density of micropar-
ticles contained in the particle stream 10q. In a case where
the flow speed of the particle stream 10a 1s constant, the
number of microparticles trapped by the trapping body 14
per unit time 1s greater when the concentration of micropar-
ticles contained in the sample air serving as the analysis
target 1s higher.

In a case where the tlow speed of the particle stream 10a
1s constant, the time needed for the minimum amount of
microparticles necessary for enabling analysis to be trapped
by the trapping body 14 is substantially inversely propor-
tional to the concentration of microparticles included in the
sample air. Accordingly, an amount of microparticles greater
than the minimum amount needed for analysis 1s captured in
a shorter time when the concentration of microparticles
contained 1n the mtroduced sample air 1s higher. In other
words, the gas analyzer 20 can perform the analysis pro-
cesses 1n shorter cycles when the concentration of micropar-
ticles contained 1n the introduced sample air 1s higher.

FI1G. 2 1s a schematic view for describing the acrodynamic
lens 10. The acrodynamic lens 10 includes a case 10: that has
a cylindrical outer structure. The 1nlet 106 through which the
sample air and the like are introduced from the outside 1s
provided on the side surface at one end of the case 10i.
Furthermore, the emission opening 10c¢ that emits the par-
ticle stream 10q 1s provided on the side surface at the other
end of the case 10i. The aerodynamic lens 10 includes
orifices 104, 10e, 107, 10g, and 10/ within the case 10i. The
orifices 104 to 10/ are donut-shaped plates having through-
holes 1n their centers. As shown 1n FIG. 2, the diameters of
the through-holes in the orifices 104 to 10/ are formed to
become respectively smaller 1n the stated order.

As described using FIG. 1, the inlet 105 and the emission
opening 10c¢ are respectively arranged outside and 1nside the
first reduced pressure chamber 26a. Therefore, according to
the pressure diflerence between the 1nlet 105 and the emis-
sion opening 10c¢, the sample air flows from the inlet 105
toward emission opening 10c. When passing out of the
acrodynamic lens 10, the air that 1s the medium of the
sample air moves while scattering. Therefore, the movement
of the air, which 1s a gas, 1s impeded by each of the orifices.

On the other hand, the microparticles formed by solids or
liquids tend to move in a straight line. Therefore, after
passing through the first-stage orifice 104, the microparticles
are not significantly impeded as a result of moving through
the second-stage and following orifices 10e to 10/2. Further-
more, as described above, the diameters of the through-holes
become gradually smaller from the orifice 104 to the orifice
10/, and therefore the tflow path gradually constricts from
the inlet 106 toward the emission opeming 10¢. Accordingly,
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the microparticles contained 1n the sample air introduced
from the inlet 105 are arranged in a beam and emitted from
the emission opening 10c.

FIG. 3 1s a drawing for describing the switching of the
introduced gas by the control section 24. In FIG. 3, the
horizontal axis indicates time. The vertical axis indicates the
target air mftroduction amount at each time. The portions
with hash marks represent the processed air, and the empty
white portions represent the sample air. As shown 1n the
drawing, the profile of the introduced gas shown as target
values switches 1n an alternating manner between the pro-
cessed air and the sample air as pulses. Here, there 1s a dead
time seen as a blank time provided during the time span of
the switching between the processed air and the sample arr.
The surface area of each hash-marked portion represents the
target introduction amount of the processed air, and the

surface area of each empty white portion represents the
target introduction amount of the sample air.

In the example of FIG. 3, the control section 24 performs
control such that the processed air and the sample air are
introduced to the aerodynamic lens 10 1n an alternating
manner with a predetermined period. In the example shown
in the drawing, the time resulting from the combination of
a time span A, a time span B, and two dead times 1s one
period. The processed air and sample air introduced 1n this
way are changed into gases near the surface of the trapping
body 14 and mtroduced into the gas analyzer 20 i an
alternating manner as the comparative gas and sample gas.
Furthermore, the control section 24 does not acquire an
output signal from the gas analyzer 20 during time spans
corresponding to the dead times. At this time, the control
section 24 may halt the radiation of the laser 16a during the
time spans corresponding to the dead times.

FIG. 4 shows an exemplary change of output from the gas
analyzer 20 corresponding to the introduced gas profile
shown 1n FIG. 3. More specifically, the change over time 1s
shown for the signal intensity of a specified component that
1s the observation target among the components of the gas
introduced to the gas analyzer 20. In FIG. 4, the vertical axis
indicates the signal intensity and the horizontal axis indi-
cates time.

In FIG. 4, the hash-marked portions 1indicate dead times.
Each time span A indicates change over time of the signal
intensity in the time spans during which the processed air 1s
being introduced. The time span B indicates change over
time of the signal intensity 1n the time span during which the
sample air 1s being 1ntroduced.

As described using FIG. 1, the processed air results from
the microparticles being removed from the sample air by the
cleaning process performed by the processed air supplying
section 22. Therefore, during the time span A, the signal
intensity output from the gas analyzer 20 should be zero.
However, there are cases where segment components of
finite itensity appear as noise components due to the eflfect
of matenials other than the gaseous body sample adsorbing
to the trapping body 14 that traps the microparticles, for
example. In FIG. 4, these segment components are shown 1n
the time span A. Furthermore, the segment components are
also 1included in the signal intensity during the time span B.
Accordingly, the difference amount between the signal
intensity during the time span B 1n which the sample air 1s
introduced and the signal intensity during the time span A 1n
which the processed air 1s imntroduced 1s the signal 1ntensity
caused by the specified component of the microparticles
contained 1n the sample air. By setting this signal intensity
difference amount as a fixed quantity in the calculating
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section 25, 1t 1s possible to measure the concentration of
microparticles contained 1n the introduced sample air.

FIG. 5 1s a flow chart describing an exemplary operation
of the microparticle composition analyzing apparatus 100.
This tflow 1s started when the microparticle composition
analyzing apparatus 100 receives instructions to begin ana-
lyzing the sample air from a user.

The control section 24 causes the laser apparatus 16 to
begin radiating the laser 16a (step S101). Next, the control
section 24 mtroduces the processed air into the aerodynamic
lens 10 according to the introduced air profile (step S102).

Next, the control section 24 acquires the intensity signal
ol the specified component in the comparative gas from the
gas analyzer 20 (S103). Specifically, the control section 24
acquires the intensity value at the sampling period of the gas
analyzer 20, and judges that the output 1s stable when the
change between intensity values at consecutive points 1s
within a predetermined fluctuation range. The intensity
value at this timing 1s determined to be a representative
intensity value for the comparative gas 1n this time span. Of
course, the imtensity values at several points from a stable
point may be averaged and this average value may be
determined to be the representative intensity value. In the
tollowing description, the representative value correspond-
ing to the comparative gas may be referred to as the
“segment 1ntensity.”

Next, the control section 24 introduces the sample air into
the acrodynamic lens 10 according to the introduced gaseous
body profile (step S104). Specifically, the control section 24
stops the supply of processed air from the processed air
supplying section 22.

Next, the control section 24 acquires the intensity signal
of the specified component 1n the sample gas from the gas
analyzer 20 (step S105). Specifically, 1n the same manner as
the process performed for the processed air, the control
section 24 acquires the intensity value at the sampling period
of the gas analyzer 20, and judges that the output is stable
when the change between intensity values at consecutive
points 1s within a predetermined fluctuation range. The
intensity value at this timing i1s determined to be a repre-
sentative intensity value for the sample gas 1n this time span.
Of course, the intensity values at several points from a stable
point may be averaged and this average value may be
determined to be the representative intensity value. In the
following description, the representative value correspond-
ing to the sample gas may be referred to as the “sample
intensity.”

Next, the calculating section 25 of the control section 24
calculates the difference amount between the sample inten-
sity and the segment intensity (step S106). Specifically, the
calculating section 25 determines the difference amount by
subtracting the segment intensity from the sample intensity.
The calculating section 25 calculates the concentration of
microparticles in the observation target from the determined
difference amount, the sampling period of the gas analyzer
20, the amount of the sample air introduced per unit time,
and the like. The control section 24 displays the calculation
results 1n a display section to be seen by the user and/or
stores the calculation results 1n a storage section to maintain
a record. Of course, the calculation results may be trans-
mitted to an external device via an interface.

Next, the control section 24 judges whether there are end
instructions from the user (step S107). If 1t 1s determined that
there are no end instructions from the user, the control
section 24 returns to step S102 and continues the measure-
ment control. On the other hand, 11 1t 1s judged that there are
end instructions from the user, the control section 24 stops
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the laser apparatus 16 from radiating the laser 16a (step
S108) and this process tlow 1s ended.

As described above, i the present embodiment, the
control section 24 controls the switching between the sample
air and the processed air such that the sample gas and the
comparative gas are introduced into the gas analyzer 1n an
alternating manner with a predetermined period. However,
instead of using a constant period, the control section 24
may adjust the timing for switching between the sample gas
and the comparative gas by performing feedback control.
Specifically, as soon as the output of the gas analyzer 20 1s
stable and the sample intensity and segment intensity are
determined, the control section 24 switches the target being
introduced into the aecrodynamic lens 10 from the sample air
to the processed air or from the processed air to the sample
air. If this type of feedback control 1s performed, 1t 1s
possible to increase the number of analyses performed per
unit time.

FIG. 6 1s a schematic view for describing the structure of
a microparticle composition analyzing apparatus 200
according to a second embodiment. Aside from the pro-
cessed air supplying section 22 of the microparticle com-
position analyzing apparatus 100 of the first embodiment
being removed, the microparticle composition analyzing
apparatus 200 has the same structure as the microparticle
composition analyzing apparatus 100. Since the micropar-
ticle composition analyzing apparatus 200 does not include
the processed air supplying section 22, the mlet pipe 30 1s
connected to the inlet 106 of the aerodynamic lens 10 as a
single straight path. In the following description, shared
components are given the same reference numerals and
redundant descriptions are omitted.

In the present embodiment, the control section 24 controls
the timing of the oscillation of the laser 16a of the laser
apparatus 16. In other words, the control section 24 controls
the timing of the starting and ending of the radiation of the
laser 16a. The microparticle composition analyzing appara-
tus 200 according to the present embodiment sets the
comparative gas to be the gas present near the trapping body
14, which is at the position being rradiated by the laser 164,
during the time period when the sample air 1s not being
irradiated by the laser 16a, and analyzes the microparticles
contained 1n the sample air. The microparticle composition
analyzing apparatus 200 1s suitable for the microparticle
analysis of refractory compounds, €.g. ammonium sulfide,
for which the vaporization of microparticles trapped by the
trapping body 14 stops when the oscillation output of the
laser apparatus 16 1s weakened.

FIG. 7 1s a drawing for describing the radiation timing of

the laser 16a by the control section 24. In FIG. 7, the
horizontal axis indicates time and the vertical axis indicates
the target radiation intensity of the laser 16a at each time. As
shown 1n the drawing, the radiation profile indicating the
target values switches between radiation intensities of the
laser 16a 1n an alternating manner as pulses. The time span
in which the laser 16a has radiation intensity represents the
time when the sample air 1s being heated, and the time spans
in which the radiation intensity i1s zero represent the time
when the sample gas 1s not being heated. In the example of
the drawing, the time resulting from the combination of a
time span A that 1s a heating time and a time span B that 1s
a non-heating time 1s one period. By controlling the timing
at which the radiation of the laser 164 starts and ends 1n this
way, the control section 24 causes the comparative gas and
the sample gas to be introduced into the gas analyzer 20 in
an alternating manner.
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FIG. 8 shows an exemplary change 1n output from the gas
analyzer 20 corresponding to the radiation profile shown 1n
FIG. 7. More specifically, in the same manner as FIG. 4, the
change over time 1s shown for the signal intensity of a
specified component that 1s the observation target among the
components of the gas introduced to the gas analyzer 20. In
FIG. 8, the vertical axis indicates the signal intensity and the
horizontal axis indicates time. Descriptions of content that 1s
identical to the content described using FIG. 4 are omitted.

The time span A indicates the change over time of the
signal intensity 1n the time span during which the laser 16qa
1s radiated. The time spans B indicate the change over time
of the signal intensity in the time spans during which the
laser 164 1s not radiated.

If the microparticles of the analysis target are refractory,
the signal intensity output from the gas analyzer 20 during
a time span B should be zero. However, there are cases
where finite intensity segment components appear as noise
due to the effect of noise components that change over time,
for example. In FIG. 8, these segment components are
shown 1n the time spans B. Furthermore, the segment
components are also included in the signal intensity in the
time span A. Accordingly, the difference amount between
the signal intensity 1n a time span A during which the laser
16a 1s radiated and the signal intensity mn a time span B
during which the laser 16a 1s not radiated 1s the signal
intensity caused by the specified component of the micropar-
ticles contained in the sample air. By setting this signal
intensity difference amount as a fixed quantity in the calcu-
lating section 25, 1t 1s possible to measure the concentration
of microparticles contained 1n the mtroduced sample air.

FIG. 9 1s a flow chart describing an exemplary operation
of the microparticle composition analyzing apparatus 200.
FIGS. 7 and 8 show an example of control performed by the
control section 24 1n which the laser 164 1s radiated with a
predetermined period. FIG. 9 describes another example of
control performed by the control section 24 1n which the
laser 16a 1s radiated at a timing adjusted based on the output
results from the gas analyzer 20. In the same manner as the
flow described using FIG. 5, this tlow 1s started when the
microparticle composition analyzing apparatus 200 receives
instructions to begin analyzing the sample air from the user.

The control section 24 introduces the sample air (step
S5201). For example, the control section 24 introduces the
sample air mnto the aerodynamic lens 10 1n a manner to
maintain a certain flow rate per unit time by controlling a
valve provided to the inlet pipe 30. Next, the control section
24 causes the laser apparatus 16 to begin radiating the laser
16a (step S202).

Next, the control section 24 acquires the intensity signal
of the specified component 1n the sample gas from the gas
analyzer 20 (5203). Specifically, the control section 24
acquires the intensity value at the sampling period of the gas
analyzer 20, and judges that the output 1s stable when the
change between intensity values at consecutive points 1s
within a predetermined fluctuation range. The intensity
value at this timing 1s determined to be the sample intensity,
which 1s the representative intensity value for the sample gas
in this time span. Of course, the itensity values at several
points from a stable point may be averaged and this average
value may be determined to be the sample intensity value.

When the sample intensity has been determined, the
control section 24 stops the radiation of the laser 16a (step
S204). Next, the control section 24 acquires the intensity
signal of the specified component 1n the comparative gas
from the gas analyzer 20 (S2035). Specifically, the control
section 24 acquires the intensity value at the sampling period
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of the gas analyzer 20, and judges that the output 1s stable
when the change between intensity values at consecutive
points 1s within a predetermined fluctuation range. The
intensity value at this timing 1s determined to be the segment
intensity, which 1s the representative itensity value for the
comparative gas 1n this time span. Of course, the intensity
values at several points from a stable point may be averaged
and this average value may be determined to be the repre-
sentative intensity value.

Next, the calculating section 25 of the control section 24
calculates the difference amount between the sample inten-
sity and the segment intensity (step S206). Specifically, the
calculating section 25 determines the difference amount by
subtracting the segment itensity from the sample intensity.
The calculating section 25 calculates the concentration of
microparticles in the observation target from the determined
difference amount, the sampling period of the gas analyzer
20, the amount of the sample air introduced per unit time,
and the like. The control section 24 displays the calculation
results 1 a display section to be seen by the user and/or
stores the calculation results 1n a storage section to maintain
a record. Of course, the calculation results may be trans-
mitted to an external device via an interface.

Next, the control section 24 judges whether there are end
instructions from the user (step S207). If 1t 1s determined that
there are no end instructions from the user, the control
section 24 returns to step S202 and continues the measure-
ment control. On the other hand, 11 1t 1s judged that there are
end instructions from the user, this process tlow 1s ended.

The first embodiment described above 1s usetul for
removing the eflect of substances other than the gaseous
body sample that adsorb to the trapping body 14 trapping the
microparticles, for example, and the second embodiment
described above 1s useful for removing the eflect of noise
components that change over time, for example. Further-
more, the first embodiment 1s preferable 11 the microparticles
of the analysis target are volatile substances, and both the
first embodiment and the second embodiment are suitable 1f
the microparticles are refractory substances. Both the first
embodiment and the second embodiment have the feature of
introducing the sample gas and the comparative gas into the
gas analyzer 20 repeatedly in an alternating manner, and
attempt to increase the speed of the composition analysis by
directly calculating the difference amount without accumus-
lating 1ntensity values output by the gas analyzer 20.

For example, when analyzing microparticles in exhaust
gas that 1s expelled by a large-scale factory or the like, the
concentration of microparticles 1s higher than the concen-
tration of these microparticles 1n the atmosphere, and there-
fore there 1s no need to accumulate these microparticles for
the measurement. On the other hand, when reflecting analy-
s1s results 1n factory control, a higher-speed analysis cycle 1s
necessary. Accordingly, the microparticle composition ana-
lyzing apparatus according to the first embodiment or the
second embodiment 1s suitable for use 1n such a system.

On the other hand, when measuring a harmfiul substance
contained in the atmosphere within a residential environ-
ment, the concentration of microparticles in the measure-
ment target 1s generally low, and it 1s necessary to accumu-
late these microparticles for the measurement. In this case,
the analysis cycle usually does not need to be especially fast.
Theretore, a third embodiment 1s described below that 1s
suitable for such conditions.

The third embodiment has the same apparatus structure as
the microparticle composition analyzing apparatus 100 of
the first embodiment. However, the control and calculation
method are different than in the first embodiment. Specifi-
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cally, the time span B for the sample air described 1n FIG.
3 1s set to be a longer time according to the concentration of
the microparticles that are the analysis target, and an amount
ol these microparticles needed for the analysis 1s accumus-
lated by the trapping body 14. According to this setting, the
time span A for the processed air 1s also set to a longer time.
The control section 24 causes the accumulated micropar-
ticles to be pulse-1rradiated with the laser 16a to generate the
sample gas, and introduces this sample gas into the gas
analyzer 20. The pulse 1rradiation may be a single instance
of irradiation or multiple 1nstances of 1rradiation. In the same
manner, the comparative gas 1s generated from the processed
air and introduced 1nto the gas analyzer 20. The gas analyzer
20 performs the calculation schematically shown in FIGS.
10A to 10C.

FIG. 10 1s a drawing for describing the calculation process
of the calculating section 25 in the third embodiment. In
cach of the graphs (a) to (¢) i FIG. 10, the horizontal axis
indicates time and the vertical axis indicates the signal
intensity output from the gas analyzer 20.

The graph (a) in FIG. 10 shows change over time of the
signal intensity of the gas analyzer 20 for the sample gas. It
1s seen that immediately after the sample gas 1s introduced,
the signal intensity increases sharply and then gradually
decreases. The graph (b) in FIG. 10 shows change over time
of the signal intensity of the gas analyzer 20 for the
comparative gas. It 1s seen that immediately after the com-
parative gas 1s introduced, the signal intensity increases
slightly and then decreases gently within a short time. The
graph (¢) in FIG. 10 1s a graph obtained by subtracting the
change over time of the signal intensity shown in the graph
(b) in FIG. 10 from the change over time of the signal
intensity shown 1n the graph (a) in FI1G. 10. The change over
time shown 1n the graph (¢) in FIG. 10 can be said to be the
change of the signal intensity caused by the specified
component of the microparticles contained in the sample air.
When this graph 1s integrated, 1t 1s possible to calculate the
amount of target microparticles within the acquired sample
air.

The first to third embodiments are described above, but
the microparticle composition analyzing apparatus 200 of
the second embodiment has a structure that 1s substantially
contained within the apparatus structures of the micropar-
ticle composition analyzing apparatus 100 of the first
embodiment and the microparticle composition analyzing
apparatus 100 of the third embodiment. Accordingly, the
structure of the microparticle composition analyzing appa-
ratus 100 can be used as-1s to perform the control described
as the second embodiment. In other words, 1f the structure of
the microparticle composition analyzing apparatus 100 1s
used, it 1s possible to selectively switch between the types of
control according to the microparticles that are the analysis
target. Specifically, the control section 24 need only deter-
mine whether to use gas generated by radiating the laser 164
into the processed air obtained by performing the cleaning
process on the comparative gas or use gas existing near the
irradiation location of the laser 16a during a time period
when the laser 164 1s not irradiating the microparticles.

While the embodiments of the present invention have
been described, the technical scope of the mvention 1s not
limited to the above described embodiments. It 1s apparent
to persons skilled in the art that various alterations and
improvements can be added to the above-described embodi-
ments. It 1s also apparent from the scope of the claims that
the embodiments added with such alterations or improve-
ments can be icluded in the technical scope of the inven-
tion.
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The operations, procedures, steps, and stages of each
process performed by an apparatus, system, program, and
method shown 1n the claims, embodiments, or diagrams can
be performed 1n any order as long as the order 1s not
indicated by “prior to,” “before,” or the like and as long as
the output from a previous process 1s not used 1n a later
process. Even 11 the process flow 1s described using phrases
such as “first” or “next” in the claims, embodiments, or
diagrams, 1t does not necessarily mean that the process must
be performed 1n this order.

LIST OF REFERENCE NUMERALS

10: acrodynamic lens, 10a: particle stream, 105b: 1nlet,
10c: outlet, 12: skimmer, 12a: through-hole, 14: trapping
body, 16: laser apparatus, 16a: laser, 18: analysis cell, 18a:
skimmer portion, 185: through-hole, 18¢: small hole, 20: gas
analyzer, 20a: 1onization region, 22: processed air supplying
section, 24: conftrol section, 235: calculating section, 26:
reduced pressure chamber, 264: first reduced pressure cham-
ber, 26b: second reduced pressure chamber, 26c¢: third
reduced pressure chamber, 27a: first exhaust apparatus, 275:
second exhaust apparatus, 27¢: third exhaust apparatus, 28:
first dividing wall, 29: second dividing wall, 30: inlet pipe,
30a: first path, 3056: second path, 30c¢: third path, 32: optical
window, 33: optical window, 100: microparticle composi-
tion analyzing apparatus, 200: microparticle composition
analyzing apparatus.

What 1s claimed 1s:
1. A microparticle composition analyzing apparatus that
analyzes composition of microparticles contained 1n a gas-
cous sample by oxidizing the microparticles to release a
sample gas and analyzing the sample gas and a comparative
gas, which 1s the gaseous sample apart from the micropar-
ticles, comprising:
a chamber having an entrance and an exhaust;
an exhaust apparatus coupled to the exhaust of the cham-
ber, the exhaust apparatus configured to create a gas
flow through the chamber from the entrance to the
exhaust by reducing a pressure within the chamber;

an inlet pipe coupled to the entrance outside of the
chamber, the inlet pipe including a first path and a
second path, the second path including a filter, the first
and second path converging into a single path, the
entrance coupled to the single path;

a control section configured to control the gas flow

through the first path and the second path;

a trapping section within the chamber, the trapping sec-

tion configured to trap microparticles in the gas tlow;

a laser apparatus configured to radiate laser light toward

the trapping section, the laser light operable to oxidize
and release the sample gas from trapped microparticles;
and

a gas analyzer within the chamber downstream of the

trapping section, the gas analyzer configured to analyze
gaseous components of the sample gas and the com-
parative gas, wherein

the control section 1s further configured to control a time

span for mtroducing the gas flow from the first path,
which causes analysis of the sample gas, and the second
path, which causes analysis of the comparative gas to
be separated from each other by a dead time span,
during which the gas tlow 1s prevented.

2. The microparticle composition analyzing apparatus
according to claim 1, further comprising:

a calculating section configured to calculate a difference

amount between a first signal intensity and a second
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signal intensity that correspond to a specified compo-
nent contained in the gaseous sample, the first signal
intensity obtained from the gas analyzer upon 1ntro-
duction of the gas flow through the first path and the
second signal intensity obtained from the gas analyzer
upon ntroduction of the gas flow through the second
path.
3. The microparticle composition analyzing apparatus
according to claim 1, wherein
upon 1ntroduction of the gas tlow through the second path,
a gas generated by wrradiating, with the laser light, the
gas flow having the microparticles filtered by the filter
1s introduced nto the gas analyzer as the comparative
oas.
4. The microparticle composition analyzing apparatus
according to claim 1, wherein
the filter included 1n the second path i1s configured to
remove the microparticles from the gaseous sample.
5. The microparticle composition analyzing apparatus
according to claim 1, wherein
the control section sequentially switches between the gas
flow through the first path and the gas flow through the
second path and supplies the corresponding gas tlow to
the trapping section irradiated by the laser light.
6. The microparticle composition analyzing apparatus
according to claim 1, wherein
upon sequential imtroduction of the gas flow through the
first path and the second path, the sample gas generated
by pulse-irradiating the microparticles contained in the
gaseous sample with the laser light and the comparative
gas generated by pulse-irradiating, with the laser light,
the gas flow having the microparticles filtered by the
filter are sequentially introduced into the gas analyzer.
7. The microparticle composition analyzing apparatus
according to claim 1, wherein
upon repeated introduction of the gas flow through the
first path and the second path 1n an alternating manner,
the sample gas generated by continuously irradiating
the microparticles contained in the gaseous sample with
the laser light and the comparative gas generated by
continuously irradiating, with the laser light, the gas
flow having the microparticles filtered by the filter are
repeatedly introduced into the gas analyzer in the
alternating manner.
8. The microparticle composition analyzing apparatus
according to claim 7, wherein
the control section controls the gas tlow through the first
path and the second path, such that the sample gas and
the comparative gas are introduced into the gas ana-
lyzer 1n an alternating manner with a predetermined
period.
9. The microparticle composition analyzing apparatus
according to claim 7, wherein
the control section controls the gas flow through the first
path and the second path, such that the sample gas and
the comparative gas are introduced into the gas ana-
lyzer 1n an alternating manner with a timing adjusted
based on a signal intensity corresponding to the gas-
cous components introduced into the gas analyzer.
10. The microparticle composition analyzing apparatus
according to claim 1, wherein
the control section suspends radiation of the laser light
during a time period corresponding to the dead time
span.
11. A microparticle composition analyzing apparatus that
analyzes composition of microparticles contained 1n a gas-
cous sample by oxidizing the microparticles to release a
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sample gas and analyzing the sample gas and a comparative
gas, which 1s the gaseous sample apart from the micropar-
ticles, comprising:
a chamber having an entrance and an exhaust;
an exhaust apparatus coupled to the exhaust of the cham-
ber, the exhaust apparatus configured to create a gas
flow through the chamber from the entrance to the
exhaust by reducing a pressure within the chamber;

an inlet pipe coupled to the entrance outside of the
chamber:

a trapping section within the chamber, the trapping sec-

tion configured to trap microparticles in the gas tlow;

a laser apparatus configured to radiate laser light toward

the trapping section, the laser light operable to oxidize
and release the sample gas from trapped microparticles;

a gas analyzer within the chamber downstream of the

trapping section, the gas analyzer configured to analyze
gaseous components of the sample gas and the com-
parative gas; and

a control section configured to control a timing of a

radiation of the laser light, such that the gas flow that
1s 1rradiated with the laser light, which causes analysis
of the sample gas, and the gas tlow that 1s not irradiated
with the laser light, which causes analysis of the
comparative gas, are sequentially introduced into the
gas analyzer.

12. The microparticle composition analyzing apparatus
according to claim 11, wherein

the control section controls the timing of the radiation of

the laser light, such that the sample gas generated by
irradiating the microparticles contained 1n the gas flow
with the laser light and the gas flow that 1s present near
the trapping section while the laser light 1s not radiated
are repeatedly introduced into the gas analyzer in an
alternating manner.

13. The microparticle composition analyzing apparatus
according to claim 12, wherein

the control section controls the timing of the radiation of

the laser light, such that the laser apparatus radiates the
laser light with a predetermined period.

14. The microparticle composition analyzing apparatus
according to claim 12, wherein

the control section controls the timing of the radiation of

the laser light by adjusting the timing based on a signal
intensity corresponding to the gaseous components
introduced into the gas analyzer.
15. A microparticle composition analyzing apparatus that
analyzes composition of microparticles contained 1n a gas-
cous sample by oxidizing the microparticles to release a
sample gas and analyzing the sample gas and a comparative
gas, which 1s the gaseous sample apart from the micropar-
ticles, comprising:
a chamber having an entrance and an exhaust;
an exhaust apparatus coupled to the exhaust of the cham-
ber, the exhaust apparatus configured to create a gas
flow through the chamber from the entrance to the
exhaust by reducing a pressure within the chamber;

an inlet pipe coupled to the entrance outside of the
chamber, the inlet pipe including a first path and a
second path, the second path including a filter, the first
and second path converging into a single path, the
entrance coupled to the single path;

a trapping section within the chamber, the trapping sec-

tion configured to trap microparticles in the gas tlow;

a laser apparatus configured to radiate laser light toward

the trapping section, the laser light operable to oxidize
and release the sample gas from trapped microparticles;
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a gas analyzer within the chamber downstream of the
trapping section, the gas analyzer configured to analyze
gaseous components ol the sample gas and the com-
parative gas, wherein; and

a control section configured to (1) control the gas flow 5
through the first path and the second path and control
a time span for introducing the gas flow from the first
path, which causes analysis of the sample gas, and the
second path, which causes analysis of the comparative
gas 10 be separated from each other by a dead time 10
span, during which the gas tlow 1s prevented, and (11)
control a timing of a radiation of the laser light such
that the gas flow that 1s 1rradiated with the laser light,
which causes analysis of the sample gas, and the gas
flow that 1s not 1rradiated with the laser light, which 15
causes analysis of the comparative gas, are sequentially
introduced 1nto the gas analyzer, wherein

the control section 1s further configured to determine
whether gas generated by iwrradiating, with the laser
light, the gas tlow through the second path or the gas 20
flow, through the first path, that 1s present near the
trapping section while the laser light 1s not radiated 1s
introduced into the gas analyzer, sequentially with gas
generated by irradiating, with the laser light, the
microparticles contained 1n the gas tflow through the 25
first path.
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